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Abstract
OBJECTIVES—The aim of this study was to highlight the differences in injury rates between 
populations through a descriptive epidemiological study of population-level trends in injury 
mortality for the high-income countries of Australia, Canada and the United States.
METHODS—Mortality data were available for the US from 2000 to 2014, and for Canada and 
Australia from 2000 to 2012. Injury causes were defined using the International Classification of 
Diseases, Tenth Revision external cause codes, and were grouped into major causes. Rates were 
direct-method age-adjusted using the US 2000 projected population as the standard age 
distribution.
RESULTS—US motor vehicle injury mortality rates declined from 2000 to 2014 but remained 
markedly higher than those of Australia or Canada. In all three countries, fall injury mortality rates 
increased from 2000 to 2014. US homicide mortality rates declined, but remained higher than 
those of Australia and Canada. While the US had the lowest suicide rate in 2000, it increased by 
24% during 2000–2014, and by 2012 was about 14% higher than that in Australia and Canada. 
The poisoning mortality rate in the US increased dramatically from 2000 to 2014.
CONCLUSION—Results show marked differences and striking similarities in injury mortality 
between the countries and within countries over time. The observed trends differed by injury cause 
category. The substantial differences in injury rates between similarly resourced populations raises 
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important questions about the role of societal-level factors as underlying causes of the differential 
distribution of injury in our communities.
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population level change
Epidemiology is the study of the distribution and determinants of health conditions in human 
populations.1 Implicit in the definition of epidemiology is that a principal activity of 
epidemiologists is to compare rates, and this comparison of rates leads to the generation of 
hypotheses that might explain the differences. Geoffrey Rose (1992) described the concept 
of sick populations versus sick individuals, noting that within-population variation in 
exposure around the population’s mean is usually less than the exposure variation between 
populations.2 As a corollary of this, Rose generalized that while one might not know how to 
cure a health condition, at the very least we can work to advance health of the least healthy 
population towards that of the most healthy by trying to redress the population differences in 
the exposure to risks that threaten health.
While these are basic epidemiological principles, their application to injury prevention has 
been limited. National efforts to study the distribution and determinants of injury remain 
largely focused on identifying high-risk individuals within populations rather than exploring 
population-level differences for injury rate between populations. Although the mass strategy 
is common in injury (e.g., the recommended use of seatbelts for all vehicle occupants), 
efforts to address the identified problems frequently focus on energy control in high-risk 
settings rather than on structural interventions that address the underlying causes of injury 
and consequently reduce risk in the entire population. The limitations of this approach are 
described by Frieden (2010) in his presentation of a Health Impact Pyramid, where it is 
argued that addressing socio-economic factors has the greatest potential to improve health, 
with the next most effective strategy being to change the context for individual behaviour to 
make the healthiest choices the easiest choices, followed by clinical interventions, with the 
least effective methods suggested as educating people about how to reduce their individual 
level of risk.3 In injury prevention, it may be necessary to address all four levels in the 
pyramid simultaneously, as each can build on the other to facilitate change.4,5
The essential value of studying deaths in the population as a population approach to public 
health was underscored by William Farr in the early 19th century: “The death-rate is a fact; 
anything beyond this is an inference.”6 Deaths are the facts we are setting out to prevent, and 
comparing rates between populations allows us to make inferences about causation that will 
support preventive efforts.7
When the population is the unit of analysis, then systemic explanations for population-level 
injury rates can only be identified by comparing one population with another, because within 
a single population the overall injury rate is simply the consequence of the social system that 
population defines. As a first step in a program of work seeking to quantify systemic risk 
factors for population-level injury rates, we undertook a descriptive epidemiological study of 
population-level trends in injury mortality for Australia, Canada and the US over the period 
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from 2000 to 2014. The aim of this descriptive study was to describe and compare the 
incidence of external cause injury by cause category, country and year.
METHODS
Study design and setting
A descriptive epidemiological study was undertaken reporting trends in injury mortality 
since 2000 in Australia, Canada and the United States. Data were available for the US from 
2000 to 2014, and for Canada and Australia from 2000 to 2012. The primary country of 
interest was the US, with Canada and Australia chosen as comparison countries given their 
close match to the US in terms of historical and cultural development. The demographic 
profile of each country in terms of summary socio-demographic indicators is provided in 
Table 1.
Data and data sources
Injury causes were defined using the International Classification of Diseases, Tenth Revision 
(ICD-10) external cause codes for select causes and overall (Table 2). The source data for 
each of the three countries were national vital statistics systems. US data were obtained from 
WISQARS (http://www.cdc.gov/injury/wisqars/fatal_injury_reports.html), Canadian data 
from Statistics Canada (http://www.statcan.gc.ca/), and Australian data (provided by the 
Victorian Injury Surveillance Unit (VISU)) from the Australian Coordinating Registry for 
the Cause of Death Unit Record File (COD URF). The Australian Bureau of Statistics 
introduced a revision process for all coroner-certified deaths registered after January 1, 2006. 
The process means data are preliminary when published for the first time, revised when 
published the following year, and final when published two years after initial publication. 
Analyses used final data for the period 2000 to 2010, revised data for 2011, and preliminary 
data for 2012. We obtained the number of deaths by 5-year age groups, but did not obtain 
this information by gender or any other category.
Data management and analysis
Mortality data were available for Canada and Australia 2000–2012 inclusive, and for the 
United States 2000–2014. Injury causes were grouped into major causes, as shown in Table 
2 (Unintentional motor vehicle traffic, Unintentional fall, Unintentional poisoning, Assault/
homicide, and Intentional self-harm/suicide). Codes for terrorism-related deaths (U01–U02) 
were included in the homicide cause, which matches WISQARS coding and output. Rates 
were age-adjusted using a direct method and the standard age distribution chosen was the 
US total 2000 projected population (listed here: http://wonder.cdc.gov/wonder/help/
mcd.html#). Rates for each country were adjusted to the same standard to control for 
differences in age distributions within the countries and over time. Confidence intervals were 
calculated for the adjusted rates based on the gamma distribution8 and trends were tested for 
significance using an OLS regression model. Confidence intervals and rates are available in 
Table 3, but not presented in the figures in order to keep the charts brief.
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US and Canadian de-identified aggregate data were obtained from administrative datasets 
already in the public domain, therefore ethics approval was not sought. VISU has ethics 
approval for the use and dissemination of the COD URF.
RESULTS
All-cause injury deaths
All-cause injury age-adjusted mortality rates per 100 000 (Figure 1A) in the US rose 
monotonically from 52.8 in 2000 to 59.6 in 2007, dropped for two years, and then rose again 
monotonically so that by 2014, rates (59.9) exceeded the 2007 level. Australia and Canada 
tracked together in both pattern and rates, with trend lines that essentially covered each other 
from 41.7 and 41.6 in 2000, to 37.6 and 39.4 respectively by 2012. The trends in injury 
mortality rates fell slightly during this study period. The US vs. Australia/Canada lines 
diverged over the study period, with the US rate about 25% higher than both Canada’s and 
Australia’s in 2000 and increasing over the period to being roughly 40% higher by 2012.
US trends were significantly different (at least p < 0.05) from those of Australia and Canada 
for all causes and overall. Trends were not significantly different between Australia and 
Canada for any cause or overall. The trends for injury deaths from motor vehicle crashes, 
falls, suicides, and poisonings were all significant (at least p < 0.05) within each country; in 
addition, the trend for homicide deaths in the US was also significant (p < 0.001).
Motor vehicle traffic-related deaths
Motor vehicle injury age-adjusted mortality rates in the US declined from 14.9 in 2000 to 
10.3 in 2014. The rate declined 20% in the 2-year period from 2007 to 2009, with minimal 
downward trends on either side of this sudden drop. Australia and Canada had similar rates, 
from 9.1 and 8.1 in 2000 dropping to 5.1 and 5.8 respectively by 2012, but followed a 
slightly different trend over the study period (Figure 1B). As with the US, Canada’s rate 
remained unchanged between 2000 and 2007, dropped quickly between 2007 and 2009, and 
continued to decrease slightly to 2012. The rate dropped 21% during the 2007–2009 period. 
Australia’s rates essentially followed a monotonic reduction with minor upticks in 2006 and 
2009. The US rates were over 50% higher than the Australian and Canadian rates in 2000, 
and this separation increased slightly over the course of the study period to 66% in 2012.
Fall-related death
Fall injury age-adjusted mortality rates in the US increased monotonically from 4.8 in 2000 
to 8.7 in 2014, representing an 81% change. Canada began the study period with a rate of 
6.7 in 2000 and from 2001 rose consistently to 10.8 in 2012, with a 41.6% change between 
2007 and 2012. In 2000, the rate in Australia was half Canada’s rate at 3.1, but rose quickly 
to 6.1 in 2006, and subsequently increased at a slower rate to 7.8 in 2012; nevertheless there 
was a 149% increase over the study time period. The effect of these changes kept Australia 
and Canada moving at approximately the same rate of change but 30% apart, with the US 
starting closer to the Canadian rate and ending more closely approximate to the Australian 
rate (Figure 1C).
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Unintentional poisoning-related deaths
Unintentional poisoning age-adjusted mortality rates in the US increased dramatically from 
4.5 in 2000 to 13.1 in 2014; a 189.4% increase. Australia and Canada began the period with 
rates similar to each other and the US, but both countries diverged from the US over the 
study period (Figure 1D). Australia ended where it started at 4.1 and Canada went from 3.0 
to 4.8 between 2000 and 2012. The US and Australian rates were similar in 2000, but by 
2012 the US rate was nearly three times greater.
Homicide deaths
Homicide age-adjusted mortality rates in the US declined from 5.9 in 2000 to 5.0 in 2014. 
The time trend included a brief sharp increase in 2001 due to 9/11 terrorism-related deaths, 
then no change until 2007 followed by what appears to be a small gradual decrease since 
2008 (Figure 1E). Australian and Canadian trends have essentially followed each other with 
no material change in rates from 1.5 and 1.5 in 2000 to 1.2 and 1.4 respectively in 2012. The 
US rate was four times the Australian rate in 2000, and the gap increased slightly to four and 
a half times in 2012.
Suicide deaths
Suicide age-adjusted mortality rates in the US increased 23.9% from 10.4 in 2000 to 12.9 in 
2014. Australia and Canada had similar rates that trended downward over time, from 12.2 
and 11.4 in 2000 to 10.9 and 10.5 respectively by 2012 (Figure 1F). Australia’s rate began 
the period slightly higher than Canada’s, dropped between 2001 and 2004 reaching a point 
Canada reached in 2006, and then both countries have followed each other up slightly to 
2012. The US started the period with the lowest rate, but by 2012 had a rate about 15% 
higher than that of the other two countries.
DISCUSSION
There were four main findings in this analysis: 1) there were marked differences and striking 
similarities in injury mortality rates between the countries; 2) the nature and extent of the 
differences and similarities between countries fluctuated by injury cause; 3) there were 
compelling variations in the trends between countries; and 4) the nature of these trends 
differed by injury cause. The observed within- and between-country differences in the 
distribution of injury implies a difference in injury-related risk exposure – and thus indicates 
the potential for future improvements in injury-related health. Because the results of this 
study are descriptive in nature, they do not support identification of the causal factors nor 
elucidation of causal pathways. The value of the descriptive results lies in their dramatic 
demonstration of the extent to which countries of similar socio-economic and technological 
context can have entirely different injury profiles. The results lay the foundation for further 
inquiry into population-level factors that differ across these countries and drive these distinct 
patterns in population-level outcomes. There are a number of methodological strengths and 
limitations that need to be taken into account when interpreting the results of this study. One 
strength of the study was the focus on the US data in comparison with two countries perhaps 
closest to the United States in terms of historical and cultural development. All three are 
high-income countries, covering large land masses, with motor vehicle-dependent rural–
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urban designs that have similar basic population demographics. All three countries also have 
centralized repositories for vital statistics data coded to injury using the same approach and 
same coding systems. All three countries use a definition of a traffic death as any death 
occurring within 30 days of the crash or incident.9
Limitations of the study relate largely to the potential for observed differences within and 
between countries to be a product of systematic measurement error, rather than reflecting 
real differences in rates. Each country may have slightly different coroner/medical examiner 
practices and a formal assessment of the reliability of deaths certification across the three 
countries has not been conducted. The quality of causes of death coding can be affected by 
changes in the way information is reported by coroners or by lags in completion of coroner 
cases. Despite World Health Organization coding guidelines for assigning undetermined 
intent, country-specific use of the codes may vary.10,11 Further, while the coding system for 
injury deaths used in each country was the same, there may have been some variation 
between and within countries in the application of that system.12 Quality of comparisons 
overall improved with the work of the International Collaboration on Effort on Injury 
Statistics.11,13 Comparison of injury data in the elderly may continue to be problematic 
because of the difficulty of assigning a single underlying cause. A related issue is the extent 
to which heterogeneity of specific causes are lost when collapsing causes into higher-level 
categories for analytic purposes. For example, the motor vehicle category includes deaths 
from different road users (pedestrians, motorcyclists, motor vehicle occupants), each with 
very different risks of injury and different factors in the causal web. This collapsing has been 
undertaken for simplicity, and while the signal in this analysis persists despite the noise 
created by the higher-level categories, it would be expected that in a motor vehicle crash, 
specific analyses breaking the cause categories down further by road user group would 
refine the strength of the findings. It is unlikely that the potential limitations of the study 
methods had sufficient impact on the study results to affect the interpretations that can be 
drawn from them. Changes in injury rates over time were for the most part gradual, as 
opposed to the single-point shifts that might occur with coding changes. Furthermore, 
between-country differences were least for those conditions (e.g., falls) that were most likely 
to be affected by coding differences.
The results of this study are consistent with previous research describing the frequency of 
injury between countries.14 What this research adds to the literature is a contemporary, 
cross-country analysis in a selection of countries that might be expected to have similar 
injury rates. The perhaps counterintuitive findings of large differences in injury rates evident 
in the within- and between-country comparisons focused attention on questions of causation 
that operate at the population level.
A number of features of the results are helpful as background considerations for the 
formation of hypotheses about these population-level causes. The US injury mortality rate, 
while highest for all countries at all study points, was not uniformly so across all causes. 
However, if the US injury mortality rate had matched that of Australia or Canada from 2000 
to 2014, nearly 980 000 lives would have been saved in the US over the past 15 years. Motor 
vehicle-related deaths accounted for over one third of those potential lives saved, with 
unintentional poisonings (16%) and homicide (20%) making up a large proportion of the 
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remaining deaths. Injury deaths are the consequence of a deterministic combination of 
causal factors.15 If rates are different between countries then there are by definition causal 
reasons why the countries differ. While our descriptive analysis does not allow us to infer 
what those causal differences might be, arguably they are not due to differences in technical 
or knowledge capacity of the countries.
The biggest differences in mortality rates between the US and Canada/Australia lie in 
homicide, motor vehicle traffic, and unintentional poisoning, and less in falls and suicide. 
While the within-country trends were mostly gradual increases or decreases, there were clear 
examples (for instance, motor vehicle traffic-related deaths) of reductions that occurred in 
stepwise manner, with big reductions occurring in just a few years.16 While it cannot be 
known from the data in this study what caused these sudden changes in rates, what can be 
noted is that the changes were sufficiently large to suggest the causes could be discoverable 
on further examination. If societal-level changes have occurred, then it is theoretically 
feasible that such big changes could be created again by purposive intervention. The fact that 
the most dramatic intra-country changes in rates were related to certain injury causes 
supports previous observations about these injury causes being most amenable to exogenous 
intervention.
While results of this study do not support definitive explanation of the reasons for the 
observed differences in injury outcomes, they do suggest several key hypotheses worthy of 
further exploration. First, while the three countries might be generally similar, the 
distribution of the social resources within the three countries may be differentially 
distributed (and this different distribution may be a cause of the difference in injury rates). 
Second, each of the three countries might place a different value compared to the other two 
on safety in their ranking of socially desired outcomes (and so differentially focus their 
efforts of injury prevention compared to some other good). Third, the countries may differ in 
the extent to which their systems for effecting change can support the recommended 
evidence-based injury prevention practices.
The findings of this study and the resulting hypotheses provide a sound base for future 
analytic studies. A recent systematic review of child injury prevention programs discussed 
the potential benefits of multilevel modeling techniques to assist with understanding the 
population-level factors involved in the causation and prevention of child injury.17 The 
review identified a number of critical challenges in obtaining the required appropriate and 
valid data. Quality analytic studies designed to address the hypotheses raised above would 
require access to information about individual risks, small area risk factors (with areas small 
enough to maintain homogeneity of the characteristic under exploration), and higher-level 
data about the attributes of the institutions and policies defining the social characteristics and 
capacities within which populations function. Individual-level outcome data are generally 
available from hospital service delivery data bases and fatality files, which can be aggregated 
at the required level, but are generally only available at the population level for the small 
percent of all injuries that are serious enough to require hospitalization or result in death. 
Census data are an excellent source of relevant social exposure data, and are available for 
small or large area analyses, but are limited in that neighbourhood variables are generally 
constructed by aggregating lower-level data rather than being truly area-level in nature. The 
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main challenge for researchers is that there are few searchable datasets capturing the higher-
level explanatory variables of social structure (e.g., societal leadership, governance, capacity, 
and community partnerships), and these would need new data collection activity specifically 
for the respective analytic purpose.
CONCLUSION
The most powerful feature of between-system comparisons is that they reveal opportunities 
for change that are rarely recognized by within-system exploration. The results of this paper 
raise questions that cannot be answered by the research we have undertaken. However, the 
value of this reported research is that it demands those questions be answered. Our results 
should encourage a shift in perspective, and challenge assumptions about the nature of the 
public health problem that is injury and the nature of the factors that could be considered 
“determinants”.
References
1. Last, JM. A Dictionary of Public Health. Vol. viii. Oxford, UK; New York, NY: Oxford University 
Press: 2007. p. 407
2. Rose, G. The Strategy of Preventive Medicine. Oxford, UK: Oxford University Press; 2012. 
3. Frieden TR. A framework for public health action: The health impact pyramid. Am J Public Health. 
2010; 100(4):590–95. PMID: 20167880. DOI: 10.2105/AJPH.2009.185652 [PubMed: 20167880] 
4. Mack KA, Liller KD, Baldwin G, Sleet D. Preventing unintentional injuries in the home using the 
Health Impact Pyramid. Health Educ Behav. 2015; 42(Suppl 1):115S–22S. PMID: 25829110. DOI: 
10.1177/1090198114568306 [PubMed: 25829110] 
5. Laflamme, L., Burrows, S., Hasselberg, M. Socioeconomic Differences in Injury Risks: A Review 
of Findings and a Discussion of Potential Countermeasures. Karolinska Institutet. , editor. 
Copenhagen, Denmark: World Health Organization; 2009. 
6. Humphreys, N., editor. Vital Statistics: Memorial Volume of Selections From the Reports and 
Writings of William Farr, M.D., D.C.L., O.R., F.R.S. London, UK: Offices of the Sanitary Institute; 
1885. 
7. McClure RJ, Mack K, Wilkins N, Davey TM. Injury prevention as social change. Inj Prev. 2016; 
22(3):226–29. DOI: 10.1136/injuryprev-2015-041838 [PubMed: 26658342] 
8. Fay M, Feuer E. Confidence intervals for directly standardized rates: A method based on the gamma 
distribution. Stat Med. 1997; 16:791–801. PMID: 9131766. [PubMed: 9131766] 
9. OECD/ITF. Road Safety Annual Report 2015. Paris, France: OECD Publishing; 2015. 
10. Lu TH, Walker S, Anderson RN, McKenzie K, Bjorkenstam C, Hou WH. Proportion of injury 
deaths with unspecified external cause codes: A comparison of Australia, Sweden, Taiwan and the 
US. Inj Prev. 2007; 13(4):276–81. PMID: 17686940. DOI: 10.1136/ip.2006.012930 [PubMed: 
17686940] 
11. Cryer C, Fingerhut L, Segui-Gomez M. ICE Injury Indicators Working Group. Injury mortality 
indicators: Recommendations from the International Collaborative Effort on Injury Statistics. Inj 
Prev. 2011; 17(4):281–84. PMID: 21676959. DOI: 10.1136/injuryprev-2011-040037 [PubMed: 
21676959] 
12. Connor, J., Langley, J., Cryer, C. International Comparisons of Injury: A Compilation of Reports to 
the New Zealand Injury Prevention Strategy Secretariat. New Zealand: University of Otago; 2007. 
13. Smith, GS., Langlois, JA., Rockett, I. International Comparisons of Injury Mortality: Hypothesis 
Generation, Ecological Studies, and Some Data Problems, in Current Problems in Producing 
Comparable International Mortality and Morbidity Statistics. Hyattsville, MD: National Center for 
Health Statistics; 1995. p. 1-15.
Mack et al. Page 8
Can J Public Health. Author manuscript; available in PMC 2018 January 29.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
14. Fenelon A, Chen LH, Baker SP. Major causes of injury death and the life expectancy gap between 
the United States and other high-income countries. JAMA. 2016; 315(6):609–11. PMID: 
26864416. DOI: 10.1001/jama.2015.15564 [PubMed: 26864416] 
15. Rothman, K. Epidemiology. An Introduction. 2. New York, NY: Oxford University Press; 2012. 
16. Sivak M. Mechanisms involved in the recent large reductions in US road fatalities. Inj Prev. 2009; 
15(3):205–6. PMID: 19494101. DOI: 10.1136/ip.2009.021964 [PubMed: 19494101] 
17. McClure R, Kegler S, Davey T, Clay F. Contextual determinants of childhood injury: A systematic 
review of studies with multilevel analytic methods. Am J Public Health. 2015; 105:e37–43. PMID: 
26469653. DOI: 10.2105/AJPH.2015.302883 [PubMed: 26469653] 
18. Central Intelligence Agency. The World Factbook 2013–14. Washington, DC: Central Intelligence 
Agency; 2013. 
Mack et al. Page 9
Can J Public Health. Author manuscript; available in PMC 2018 January 29.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Figure 1. 
(A–F) Age-adjusted mortality rates* per 100 000 population for five causes of injury death 
and overall injury deaths, Australia, Canada and United States, 2000–2014. * 2000 projected 
population of the US as the standard population. Data sources: US data from WISQARS, 
Canadian data from Statistics Canada, Australian data (provided by the Victorian Injury 
Surveillance Unit) from the Australian Coordinating Registry for the Cause of Death Unit 
Record File. (Note: the 2000–2010 Australian data are considered final; the 2011, revised; 
and the 2012, preliminary.)
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Table 1
Demographic country comparison, 2015 estimates
Demographic measure Australia Canada United States
Percentage of population 0–14 years 17.9 15.5 19.0
Percentage of population 65 years or older 15.5 17.7 14.9
Life expectancy (years) 82.2 81.7 79.7
Physician density (per 1000 population)* 3.27 2.07 2.45
Gini index† 30.3 32.1 45.0
Total population (thousands) 22 751 35 099 321 368
Land mass (square miles) 7 682 300 9 093 507 9 147 593
Population density (persons per square mile) 3.0 3.9 35.1
Percent urban 89.3 81.8 81.6
Gross domestic product (GDP) $1.2 trillion $1.6 trillion $17.9 trillion
Government type Federal parliamentary 
democracy and 
Commonwealth realm
Parliamentary democracy, 
federation, and 
constitutional monarchy
Constitution-based federal republic
Administrative divisions 8 states 10 provinces 50 states (1 district)
Source: CIA The World Factbook.18
*
Physician density = 2011 for Australia and United States; 2010 for Canada.
†Gini Index = 2008 Australia, 2005 Canada, 2007 United States (range 0–100: The more nearly equal a country’s income distribution, the lower its 
Gini index).
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Table 2
Mortality cause ICD-10 code classification
Cause ICD-10 codes
All injury V01-Y36, Y85–Y87, Y89
Unintentional motor vehicle traffic related 
deaths
V02–V04 (0.1, 0.9), V09.2, V20–V28 (0.3–0.9), V29 (0.4–0.9), V12–V14 (0.3–0.9), V19 (0.4–
0.6), V30–V39 (0.4–0.9), V40–V49 (0.4–0.9), V50–V59 (0.4–0.9), V60–V69 (0.4–0.9), V70–
V79 (0.4–0.9), V80 (0.3–0.5), V81.1, V82.1, V83–V86 (0.0–0.3), V87 (0.0–0.8), V89.2
Unintentional fall deaths W00–W19
Unintentional poisoning deaths X40–X49
Homicide deaths X85-Y09, Y87.1, *U01–*U02
Suicide deaths X60–X84, Y87.0, *U03
*U codes are injury resulting from terrorism in the US.
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